Abstract-This paper presents a conceptual service architecture for adaptive mobile location services designed to be used on the next generation wireless network. The developed service architecture consists of a set of concepts, principles, rules and guidelines for constructing, deploying, and operating the mobile location services. The service architecture identifies the components required to build the mobile location services and describes how these components are combined and how they should interact. As a means of exploring the developed conceptual service architecture, an illustrative case study of a new-concept tracking service is chosen to demonstrate the applicability of the architecture. Through the case study, the service request and response processes will be illustrated. New possible service functions provided by the developed service architecture will be examined and discussed in comparison with the functions provided by the existing tracking services on the current network to show the usefulness and value of the developed service architecture.
I. INTRODUCTION
The existing mobile location services are typically available locally within the network of a specific operator or available on different networks of different operators in the same country. The way mobile location services are offered today is not compatible with the service environment of the next generation wireless network which will be open [1] [2] . In the open service environment, the users will be able to access a mobile service regardless of geographical location, terminal model, access network, network operator and service provider [1] [2] [3] [4] . Different services will be provided by different service providers on a common IPv6 network, and these services will be available to all users on the network, regardless of which part of the network they connect from [3] [4] . Location information, user profile, and billing and charging information can be transferred between administrative domains, operators and service providers [1] [3] . Both seamless roaming and universal access is expected to be achieved in the next generation wireless network [2] [5] .
Providing mobile location services on the next generation wireless network requires a new service architecture that fits in an open service environment and which allows the coexistence of a number of stakeholders performing various roles. The new service architecture must support universal service access and allow the end-users to access services independently of the physical location, type of access network and terminal model being used by the user. This paper presents a conceptual service architecture for adaptive mobile location services which is designed to be used in the open service environment of the next generation wireless network. The architecture supports a provision of new-concept services which have not been possible to provide using the existing service architecture on the current network, e.g. the services that allow users to access a service based on the location information of other users on the IPv6 network. For example, the location-based information service may be provided based on the location of other users at the globallevel instead of based on the current location of the user or the location manually defined by the user like the services available today. The mobile location services that are currently only available in the local domain (e.g. tracking services) will possibly be made available globally (e.g. tracking the location of a child who is traveling abroad).
The "help you out" scenario presented in the following represents example usage cases of new-concept mobile location services based on the developed service architecture presented in this paper. The types of services are indicated in the footnotes. The components required to build the conceptual service architecture for providing new-concept mobile location services are introduced in section II together with descriptions of how these components are combined and how they should interact. An illustrative case study of a new-concept tracking service is made in section III as a means of exploring and demonstrating the applicability of the developed conceptual service architecture. Section IV discusses the usefulness of the new-concept tracking service based on the developed service architecture in comparison with the existing tracking services on the current network. Concluding remarks are given in section V.
Scenario

II. CONCEPTUAL SERVICE ARCHITECTURE FOR ADAPTIVE MOBILE LOCATION SERVICES
This section presents the conceptual service architecture for adaptive mobile location services which is designed to be used in the open service environment of the next generation wireless network. One of the important features of the designed architecture is adaptability. Adaptability is envisioned by WWRF as one of the keys to the success of any service beyond year 2010 [6] and one of the service capabilities that should be made available on the next generation wireless network suggested by ITU [1] . Adding adaptability to the future mobile location services will therefore be one way of increasing the possibility of the service being a success. Figure 1 : New conceptual service architecture for adaptive mobile location services on the next generation wireless network. The conceptual IPv6-based location method proposed in [9] may be used for determining the location of all users on the unified IPv6 network, and the location information is maintained by the location server. For simplicity, the infrastructure needed for location determination is not shown in the figure. Figure 1 illustrates the components that form the service architecture, and the descriptions and roles of the individual components are given in the following.
The service portal handles session management, requests handling, authentication of subscribers, and manages the billing and charging. The service portal contains the "user billing profile" and "service provider charging profile". When the user accesses the service, the service usage will be recorded and the billing and charging reports will be updated in the user billing profile and service provider charging profile, respectively. The user and service provider can access and check their profiles but editing and deleting of the profiles is not allowed. The user billing profile contains the actual information of the user, which is required for billing management such as the real name, real address, telephone number, credit card number and a list of subscribed services. The service portal allows users (or subscribers) of different network operators to access the services of different service providers from anywhere on the all-IPv6 network with the feasibility of managing the billing for the users and revenue sharing between different stakeholders. The service portal is placed in every domain and it is owned and managed by the network operator who administrates the domain. The service portal makes it easy for the user and service providers, as the user can use different services without having to pay different bills for different service providers and the service providers do not have to handle the billing management of different users but instead let the network operator handle this task.
The application and content server handles different tasks from providing the service and content to the user and adapting the service behaviors and content to best fit with the user's requirements/preferences in a specific context of use, to managing the user expectations towards the service. This server is owned and managed by the service provider. The context-based service adaptation platform plays an important role in managing the user experience in the usage stage of the service, as the context plays an important role in defining how the user will experience the service [7] . The service adaptation is made based on the context-dependent user's requirements and preferences and the conditions defined in the user profile 6 and the service and content profile. The service and content profile is created by the service provider and maintained in the application and content server, which is owned by the service provider. This service and content profile contains information about what the service provides and what can be adapted and cannot be adapted in different contexts and situations.
Another task of the application and content server is to manage the user expectation, and this task is handled by the user expectation management platform. The main task of this platform is to inform the user about the service (e.g. if the service is temporarily unavailable, new features, new service update, etc.) and to inform the user of the reason and further suggestions in the case that the service adaptation requested by the user cannot be made (e.g. 3D navigation is not possible because the user's terminal does not support 3D display). This is the platform that controls the user experience by providing an understanding of what the user can and cannot expect from the service. This approach prevents the user from generating unrealistic expectations that the service cannot live up to.
The profiling management agent maintains, manages and updates the user profiles of registered users and also handles authentication and authorization. The profiling management agent has been added to facilitate the concept of open service environment of the next generation wireless network where the information resources (e.g. user profile and location information) should be reusable and sharable across networks [1] . As different services may require similar or identical information related to the users and their current contexts, the profiling management agent provides a great benefit to the users by allowing them to share and reuse their profiles or parts of the profiles with different service providers without having to create and update the same information many times than necessary. The service providers also benefit from the profiling management agent, as they do not have to implement a platform for handling the user profiles of different users, instead letting the profiling management agent handle this task. The profiling management agent can be placed anywhere on the all-IPv6 network and it is owned by a new stakeholder, which in this paper is called the "profiling broker". This agent acts as a broker handling the usage and sharing of the information in the user profile according to privacy rules defined by the users. Based on the open service environment concept of the next generation wireless network, the users should be able to access, edit or delete their user profiles anywhere and any time they desire [1] .
The location server maintains the location information of all the users in the domain. This server is owned and managed by the domain owner (network operator). There should be at least one location server in every domain. In the location server, the location of individual users is stored in a profile called the user location profile. This profile maintains the actual location of the user and the privacy rules of using and sharing this information is defined by the users. As the mobile user may travel into different domains administrated by different management entities or different network operators, it should be possible to exchange the user location profile between different network operators according to the user mobility. For example, if the user moves from domain A to domain B, the transfer of user location profile from domain A to B should be possible. This requires new mechanisms for handling the user location profile transfer process and the agreements between network operators.
The ways the components in the service architecture, presented in figure 1 , interact with each other vary depending on the types of service, adaptation conditions, privacy rules, and context. However, the typical service requests and responses are as follow. The user accesses the service via the service portal. The service portal authenticates the service request, records the service usage and updates the user billing profile and provider charging profile. The service request is forwarded to the application and content server. The application and content server asks for the user profile from the profiling management agent. The location server may send the most up to date location information of the user to the profiling management agent depending upon the rules of using and sharing of location information defined in the user location profile. In the case that the service (e.g. navigation service) requires real-time location information, the application and content server may request the real-time location information directly from the location server. The application and content server then delivers the requested service back to the user.
III. NEW-CONCEPT TRACKING SERVICES
The tracking services based on the existing service architecture on the current mobile networks are typically available locally within the same kind of mobile network technology in the same domain or available for the subscribers of different operators in the same country. The concept of tracking services on the developed conceptual service architecture presented in this paper is compatible with the service environment of the next generation wireless network, where the service is available in the global-level and supports universal access, meaning that the user can access the same tracking service regardless of geographical location, terminal model, access technology, network operator and service provider. Figure 2 demonstrates the request/response sequences of the tracking service based on the "help you out" scenario presented previously in the introduction section. Based on the "help you out" scenario, the tracking service is triggered by the current use context of the target (i.e. Sara's current location). The service is activated when Sara arrives at Narita airport. In this case, Sara's father has defined beforehand that the service must send notification of arrival to him when Sara arrives in Japan. The tracking service is continuously used by Sara's father until she arrives at the hotel. In this case, Sara's father is the tracker and Sara is the tracking target. The processes of service activation, requests and responses of the tracking service presented in the scenario are as follow.
1. The tracker sends a service request to the application and content server via the service portal (Route 1). The service portal authenticates the request and records the service usage for billing and charging management.
2. The service portal forwards the service request to the application and content server (route 2). Based on the scenario, the tracker defines that he wants the service to be activated when the target enters a pre-defined context (i.e. the target has arrived in the pre-defined location (Narita Airport)).
3. The application and content server asks the profiling management agent for the user profiles of the tracker and the target (assuming that the user profile of the tracker and the target are maintained in the same profiling management agent). The profiling management agent processes the privacy control and delivers the information required for the requested service to the application and content server (via route 3). The profile of the tracker will be used for adapting the service (e.g. service visualization, user interface, etc) to the tracker's requirements/preferences in his current use context, and the location information of the target in her user profile will be used for service triggering (i.e. service behavior adaptation). Interactions between the components in the service architecture from the start of the monitoring period (t1) to the point where the arrival alert is sent out to the tracker (t3). The period from t1 to t2 is the monitoring period. The target enters the pre-defined area at t2 and notification of arrival is sent to the tracker at t3.
After the tracker has requested the tracking service, the profiles of the tracker and the target are sent to the application and content server. Based on the scenario, the tracker defines the service behavior by setting that the tracking function should be triggered when the target has entered the predefined area. The period from this point to the point when the target is in the pre-defined area is, in this paper, referred to as the "monitoring period" (i.e. the period where the service is waiting for activation depending on the conditions defined by the tracker). The service will remain in this period as long as the target is not in the pre-defined area. Figure 3 illustrates the interactions between the components in the service architecture from the start of the monitoring period to the point where the tracking function is activated and the target is tracked continuously by the tracker. The tracking function will be activated when the target is in the pre-defined area (i.e. arrived at Narita Airport). The service activation processes are as follows.
1. When the target is at the Narita airport and turns on her mobile terminal (t 2 ), one of the available indoor location methods (e.g. the method presented in [8] ) determines her location and sends the location information to the location server. The location server then sends information update to the profiling management agent where the target has registered (route a in figure 2 and process # 1 in figure 3 ). The sharing of location information between the location server and application and content server is made through open API and open protocol 7 . 2. The profiling management agent detects the change of current use context of the target (the target enters a new location). The new location information of the target is then sent to the context-based service adaptation platform located in the application and content server (process # 2 in figure 3) . This information will be used for service triggering.
3. The condition set by the tracker (i.e. the target is entering the pre-defined area) is met, and the tracking function is activated. At this point (t 3 ), the notification of arrival is sent to the tracker and the global-level tracking service begins (process # 3 in figure 3 ).
4. Based on the "help you out" scenario, from the point where the notification of arrival is sent, the target will be continuously tracked by the tracker (via route c in figure 2 ). As real-time location information is needed from this point, the location information of the target may optionally be sent directly from the location server to the application and content server (route b in figure 2 and process # 4 in figure 3 ).
Based on the scenario, the location of Sara will be tracked from the point where she arrives at the airport, during the check-out and luggage collection, and while taking a taxi to the hotel. The tracking service will be withdrawn when Sara arrives at the hotel.
IV. USEFULNESS OF THE DESIGNED SERVICE ARCHITECTURE
Based on the demonstration of the tracking service presented above, the conceptual service architecture can in principle provide several new functions for the new-concept tracking service compared to the functions for the existing tracking services. Global-level is one of the main advantages of the conceptual service architecture, and global-level tracking is one of the new possible functions of the developed conceptual service architecture. This function is not possible with the current service architecture in the current service environment and on the current network, due to the lack of open standards and open service environment, and the fact that the mechanism for sharing the required information (e.g. location and user profile) is not available.
The lack of open standards and open service environment is one of the shortcomings of the existing mobile location services. The availability of the existing mobile location services is depending on the geographical location, service provider, network operator, and terminal. For some tracking services the users are required to have a specific terminal in order to be able to access the service, and this service is only available locally within a specific geographical area and a specific network, and the tracking is only possible if the tracker and the target are subscribers of the same network operator and service provider.
Adaptability is another useful capability of the conceptual service architecture. Based on the "help you out" scenario, the context-based service adaptation will adapt the service behavior based on the task defined by the tracker. In this case, the tracker has defined that he wants to be notified when the target is in the pre-defined area. The service will be activated and the notification will be sent to the tracker when the conditions set by the tracker are met. With this service function, the tracker does not have to manually track the location of the target, but rather let the tracking service monitor the location of the target and notify the tracker when condition set by the tracker is met. This function is currently available in some of the tracking services offered in Japan and South Korea but not for the services in Western Europe.
Another advantage of the tracking service based on the conceptual service architecture is that it is available in indoor environments (e.g. airports). This can be realized by the use of Bluetooth location infrastructure [8] and the conceptual IPv6-based location method proposed in [9] . The lack of capability of providing high accurate location in indoor environments and dense urban areas is one of the main problems limiting the success of the tracking services offered today [10] . With the conceptual IPv6-based location solution, and indoor location infrastructure applying short-and medium-range wireless networks [8] [9] , the lack of high accuracy location information in closed environments can be compensated.
Norman has stated in the book "Emotional design" [11] that the service that almost always guarantees success is the service that provides social interaction and emotional connection between people. The global-level tracking service presented in the "help you out" scenario provides social interactions and emotional connections between people (father and his child). Naturally, the father is concerned about his child, especially when she is a girl and alone in a foreign country. The child is likely to be nervous when she is alone in an unfamiliar area, and she wants to feel safe. The global-level tracking service allows the father to see what is going on with his child and at the same time he can help his child handle some of her tasks remotely as presented in the scenario. This service has a high potential of being a success if it is used between trust parties. However, it involves a higher level of complexity to realize this service concept compared to the tracking service that is available locally. In order to realize the services presented in the scenario, exchanging of user profile, location information, and billing and changing information between administrative domains is required, and new business agreements and new business models are needed to be developed.
V. CONCLUSION This paper presents a conceptual service architecture for adaptive mobile location services to be used in the open service environment of the next generation wireless network. In the designed service architecture, the service portal and profiling management agents play important roles in realizing the concept of one network many services. The context-based service adaptation platform, user profile and service and content profile play important roles in adapting the service to best fit with the user requirements in a particular context of use. In the designed architecture, the user profile is handled by the profiling management agent and not by the service provider like the case today. The service provider can only utilize the user profile when the user wants to use the service. This will minimize the privacy concern towards the use of any mobile service. It is obvious that the profiling management agent plays an important role in providing mobile services in the future. The profiling management agent must be trustworthy and the users should feel safe and comfortable allowing the agent to protect the use of their personal information as well as their location information. The developed service architecture supports the deployment of new kinds of mobile location services that have not been possible on the current network. The services such as globallevel tracking service and location-based information service that allows the user to access the information utilizing the location information of other users on the all-IPv6 network will be possible.
